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Abstract 
This article presents a techno-economic evaluation of various options for recovery and reuse of low temperature heat 
(LTH) with temperatures below 350°C. A process integration approach has been applied to illustrate the investment 
strategies for a typical European integrated steel plant towards positive energy and environmental effects. The 
modelling results indicate a CO2 reduction potential of 0.44-1.80% of the total CO2 emissions by recovering and 
reuse of LTH from the flue gas in various process units. The pay-back time depends on reuse pathways and waste 
heat temperature, varying from 0.5 to 7.6 years. The results are only valid for the simulated generic site. For the 
results implementation at real steel plants, local boundary conditions should be considered. 
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1. Introduction 
EU has set 20-20-20 targets in order to cut 20% in CO2 emissions, to have 20% improvement in 
energy efficiency and to increase 20% in renewable energy by 2020 [1]. As an energy-intensive industry 
the steel industry is facing the challenge to further decrease its energy consumption and CO2 emissions. 
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One alternative is to recover waste heat generated from various process units and reuse it for covering 
part of primary or secondary energy demand in typical steel production processes, thus improving the 
total energy efficiency. This will reduce the overall energy consumption and CO2 emissions of iron and 
steel works. Furthermore, reuse of waste heat also reduces thermal pollution of the environment. In 
addition, the amount of waste heat produced by traditional steelmaking techniques cannot be reduced in 
the most cases. Therefore, reuse of waste heat is the best way to reduce energy consumption and CO2-
emissions of the steel production site.  
Various best available technologies (BATs) can be applied to recover the waste heat for the steel 
industry. A suitable evaluation approach is significant to illustrate the investment strategies for reusing 
the recovered waste heat towards positive energy and environmental effects. This becomes crucial 
especially during the low profit steel production period. This presented work is to perform a techno-
economic evaluation by means of a process integration approach to investigate various technical options 
to recover and reuse the waste heat for the steel industry.  
2. System analysis approach 
Mathematical model  
The approach used in this work is based on a mathematical programming, i.e. mixed integer linear 
programming (MILP). The method uses a graphical interface equation editor ReMIND to generate the 
mathematical equations to be optimized. This approach can be used for single and multiple objectives 
depending on the problem studied [2-4]. 
Modelling boundary, assumptions and main data input 
In this work, the model is developed on the basis of a virtual integrated steel plant with the annual 
production rate of 4 Mton hot rolled coils (HRC).  
The process units covered in the model are coking plant, sinter plant, blast furnace (BF), basic oxygen 
furnace (BOF), continuous casting, hot rolling mill (HRM), cold rolling mill, hot dip galvanizing (HDG) 
and power plant.  
The waste heat covered in the study is the flue gas from various combustion units with the temperature 
below 350 °C, referred as low temperature heat (LTH). The waste heat availability at each steel plant 
varies. In order to represent the availability of LTH at different steel plants in Europe, two levels of waste 
heat recovery potential from the steel plant, i.e. high waste heat level (i.e. for flue gas with high 
temperature) and low waste heat level (i.e. for flue gas with low temperature), are presented in the work.  
 Table 1. Energy content and CO2 emissions for fuels used in the virtual model  
Fuel CO2 factor 
(ton/GJ) 
Energy factor 
(GJ/ton) 
Price 
(Euro/ton) 
Natural gas 0.0561 48.0 42.0 Euro/MWh 
PCI 0.0946 25.8 99.2 
External coke 0.107 28.2 289.0 
Internal coke - 28.1 - 
Limestone - - 15.2 
Coking coal 0.0946 28.2 124.0 
Electricity  0.115 - 70.0 Euro/MWh 
                          Note: CO2 price used in the model is 5.0 Euro/ton-CO2. 
Waste heat recovery and reuse technology profile  
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Some best available technologies (BATs) are included in the study, such as heat-to-power generation 
technologies of organic rankine cycle (ORC) and wet steam turbine (WST); coal moisture control (CMC) 
at coking plant; heat pipes heat exchangers (HEX) applied to hot stoves (HS) at BF and reheating 
furnaces at HRM. The waste heat flows are connected to the possible recover technologies, the recovered 
energy is further linked to various process units where there are demands for the recovered heat. The 
waste heat boiler is considered to generate hot water to meet the heat demand for certain process units or 
district heating purposes. The power plant is linked to the electricity and district heating network.  
Economic assessment 
Calculation of pay-back time with net present value (NPV) method is used for assessing economic 
viability for the different LTH reuse technologies and reuse pathway. In the economic assessment, the 
installation fee is assumed as 20 % of the equipment cost, and the maintenance fee is assumed as 2 % of 
the total investment cost.  
3. Modelling Results and Discussions 
Based on the optimal solution from the energy optimization, the economic feasibility for the chosen 
reuse pathways is presented in Fig. 1. In the case of high amount of waste heat, more heat is available for 
use at various process units. The shortest payback time is required for hot water production at sinter plant, 
BF, reheating furnace at HRM and HDG. The hot water produced from these process units can substitute 
the hot water generated at the power plant, which otherwise has to be extracted from the steam turbine. 
More electricity, therefore, will be produced at the power plant, and will be sold out to the power grid. In 
this way, there is no investment for the extra electricity’s generation. The only investment is the waste 
heat boiler for the hot water production with high energy efficiency. The extra waste heat from reheating 
furnace at HRM can be utilized for preheating the combustion air, which will lead to reduced natural gas 
consumption. The rest of the available waste heat from hot stoves can be used for combustion air and fuel 
gas preheating, which will lead to coke oven gas (COG) saving at the hot stoves. The saved COG can be 
used at the reheating furnace at HRM to replace part of natural gas. The waste heat reuse technologies of 
CMC and WST have longer pay-back time due to the larger investment. When there is still waste heat 
available, ORC technique is chosen as the last option due to its low energy efficiency and high 
investment.  
In the case of low amount of waste heat, as shown in Fig.1, there are only 4 types of reuse pathways, 
arranged according to the increasing pay-back time: hot water production, combustion air preheating at 
heat exchanger (HEX), WST and CMC at the coking plant. It has to be pointed out that combustion air 
and gas preheating and ORC have not been chosen due to limited available waste heat.  
Fig.1 also shows the accumulated amount of reduced CO2 emissions. The CO2 reduction potential by 
recovering and reuse of LTH from the flue gas at various process units is 0.44-1.80% of the total CO2 
emissions.  
 
 
 
 
 
 
 
 
 
 
 
Fig.1. Pay-back time and CO2 abated for the virtual plant at high waste heat level (left) and low waste heat level (right) 
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The pay-back time can be influenced by various factors, for example, energy price (natural gas, 
electricity price), CO2 price, investment costs, interest rate, etc. Fig.2 shows the changes of pay-back time 
with various price levels of electricity and natural gas as examples at the high waste heat level. The figure 
shows that electricity has significant influence on the reuse pathway of hot water production, WST and 
ORC, meanwhile, the natural gas price has influence on CMC and the heat pipes heat exchangers applied 
to hot stoves at BF and reheating furnaces at HRM.  
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2. Sensitivity analysis of electricity price (left) and natural gas price (right) on pay-back time and CO2 abated amount for each 
technical option at the high waste heat level 
4. Concluding remarks 
The system analysis can provide solutions for a better reuse of low temperature heat, and generate 
guideline for the steel industry. To use the recovered waste heat directly in the process units is more 
energy effective, e.g. for, drying, preheating, etc. It is preferable to produce and reuse hot water in the 
process (e.g. HDG etc.) or for district heating instead of generating electricity via ORC due to its low 
energy conversion efficiency. The results reported in this paper are only applicable to the generic site that 
was simulated with the considered boundary conditions (fuel types and CO2 factor, price of fuel and 
electricity, investment cost for chosen technologies).  In reality, each steel plant has to be investigated 
individually using the specific boundary conditions and context of the site being considered. 
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